© 



Europalsches Patentamt 
European Patent Office 
Office europden des brevets 




©Publication number: 



0 563 956 A2 



© EUROPEAN PATENT APPLICATION 

© Application number 93105413.4 © , nL aA COgL 51/06( CQQL 

® Date of filing: 01.04.93 



® Priority: 02.04.92 US 862304 

© Date of publication of application: 
06.10.93 Bulletin 93/40 

© Designated Contracting States: 
AT BE DE OK ES FH GB IT NL SE 



© Applicant: PHILLIPS PETROLEUM COMPANY 
6th and Keeler 

Bartlesvllle Oklahoma 74004(US) 

© Inventor: Hasselbrlng, Lorl Callahan 
Rural Route One, 
Box 617-0 

Bartelsvllle, OK 74003(US) 

© Representative: Dost, Wotf gang, 
Dr.rer.naL,Dlpl.-Chem.etal 
Patent- & Rechtsanwalte 
Bardehle . Pagan berg . Dost . Altenburg . 
Frohwltter . Gelssler & Partner, 
Postfach 86 06 20 
D-B1633 Munchen (DE) 



© Blends for enhancing properties of vinyl aromatic-conjugated dlene 



block copolymers. 



© Three resin blends are provided: (a) blends of monovinyl aromatic-conjugated dlene block copolymers and 
grafted polypropytene; (b, blends of monovinyl aromatk*x>njugated cW block LyiTL ^ 

dE?^ 1""" r ene/bUty,efl °- Styrene < c > of mcno^n7«Ss2d 

d,ene block copolymer, polypropylene and styren^thyieneVbutylene-styrene rubbers. Methods of rSl£e 
resins and articles made therefrom are provided. ™o«>oo5 ot maxing tnese 
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This invention relates to blends of monovinyl aromatic-conjugated diene block copolymers 

riJJ^ S ' TE??. 8f T!!" >COn,U9ated <Sene Wock copolymers exhibit desirable properties such as 
danty and the ability to toughen other plastics when used in Wends 

• JJT^w^flL 58 3 ^""'"S need f <* «*"'« blends which can be extruded into sheets or films or 
injection moWed mto arUdes having good impact strength, mett strength, resistance to ££££ r£c2 

^"T? ^ 30(1 econom,c fe^bilhy. For some applications cSZ^^aS 

and for olhers an aesthetically pleasing opaque appearance is desired " 



Summary of the Invention 



ft is an object of this invention to provide blends of monovinyl aromatic-conjugated diene block 
T5 7? 9 PO :r Py,en \ POlymere W which can be e^^tLi n rno^ 

SLStll; 9 TU^ COmbi ^° n 0f aPP««rance. good melt strength good TmpaS 

strength, good flexural modulus, and resistance to delaminatton. ^ 

It is another object of this invention to provide methods for making such compositions, 
melt eSrTslT *** * "* inWntj ° n * *** ^P 08 **™ *** can be readily prepared by 

20 H r™^l bi ^l 0f ttiS inVenti °" t0 Provid0 processes for maW "9 «i«lO-«ueh ccmposhions. 
It is also an object of this invention to provide articles made from such compositions 1 

moidlf^^ J*^ irnen < this invention, resin blends which can be extruded or Injection 

molded mto articles having good impact strength and flexural modulus comprise- 
(a) a monovinyl aromatic-conjugated diene block copolymer; and 
26 (b) grafted polypropylene. 

In accordance with another embodiment of this invention, resin blends which can be extruded or 
injection molded into articles having good impact strength and good flexural modulus com^r£ 

(a) a monovinyl aromatic-conjugated diene block copolymer; 

(b) polypropylene; 

so (c) styrene-emyterw/butylene-styrene rubber. 

_ _ Inaccortance with still another embodiment of this invention, resin blends which can be extruded or 
injecbon molded into artcles having good impact strength and good flexural modulus comprise- 

(a) a monovinyl aromatic-conjugated diene block copolymer: 

(b) grafted polypropylene; 

3S (c) styrene-ethylerfe/butylene-styrene rubber 

J^SS^S^ 3n0lher " * ** paring a 

(a) a monovinyl aromatic-conjugated diene block copolymer; 

(b) grafted polypropylene. 

40 ^ h '? 00rdance :T* h an0ther ^bodirnent of this invention, a process is provided for preparing, a 
composition comprising: preparing a 

(a) a monovinyl aromatic-conjugated diene block copolymer; 

(b) polypropylene: and 

(c) a styrerie-ethyteneybutylene-styrene rubber . 

(a) a monovinyl aromatic-conjugated diene block copolymer; 

(b) grafted polypropylene; and 

(c) a 6tyrone-othylone/butylene-styn3no rubber. 

so 

Detailed Description of the Invention 

rii JrK ment r' n Pr0Pert f of e^ded or molded articles made from monovinyl aromatic<onjugated 

.The present invention is directed to a class of new and useful blends of monovinyl aromatic^oniuQated 

aSs wSc^rrro^t? ^ »** can be extruded of l£££S£?2 

articles which have.surpns.ng and unexpectedly good impact strength, melt strength, flexural modulus. 
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resistance to examination and environmental stress crack resistance. 

It has also been discovered that use of a minor amount of one or more styrene-ethylene/butylene- 
styrene rubbers in the blend of monovinyt aromatic-conjugated diene block copolymer and grafted 
polypropylene results In even better impact strength, 
e It has also been discovered that use of certain polypropylene random copolymers In blends with 
monovinyl aromatic-conjugated diene block copolymers exhibit impact strengths which are indicative of 
synergism in the blends. 

Another useful and surprising discovery was that when a minor amount of styrene-ethylenevbutylene- 
styrene rubber is added to a Wend of monovinyl aromatic-conjugated diene block copolymer and poly- 
io propylene, the polypropylene need not be grafted to improve impact properites. 

In one embodiment, the resin compositions of this invention more particularly comprise: 
(a) from about 50 to about 90 weight percent more preferably from about 60 to about 85 weight percent, 
and most preferably from about 65 to about 85 weight percent based on total weight of polymer in the 
composition, of monovinyl aromatic-conjugated diene copolymer; and 
rs (b) from about 1 0 to about 50 weight percent, more preferably from about 15 to about 40 weight percent 
and most preferably from about 15 to about 35 weight percent based on total weight of polymer in the 
composition, of grafted polypropylene. 

In another embodiment the resin compositions of this invention more particularly comprise: 

(a) from about 5 to about 98 weight percent more preferably from about 20 to about 95 weight percent, 
so and most preferably from about 65 to about 60 weight percent based on total weight of polymer in the 

composition, of monovinyl aromatic-conjugated diene copolymer; ' 

(b) from about 2 to about 95 weight percent more preferably from about 5 to about 80 weight percent, 
and most preferably from about 10 to about 35 weight percent based on total weight of polymer in the 
composition, polypropylene; and 

as (c) from greater than 0 to about 20 weight percent more preferably from about 1 to about 15 weight 
percent and most preferably from about 5 to about 10 weight percent based on total weight of polymer 
in the composition, of one or more styrene-ethylene/butylene-styrene rubbers. 
In still another embodiment the resin compositions of this Invention more particularly comprise: 

(a) from about 5 to about 98 weight percent more preferably from about 20 to about 95 weight percent, 
so and most preferably from about 65 to about 90 weight percent based on total weight of the composition, 

of monovinyl aromatic-conjugated diene copolymer; 

(b) from about 2 to about 95 weight percent more preferably from about 5 to about 80 weight percent, 
and most preferably from about 10 to about 35 weight percent based on total weight of the composition 
of grafted polypropylene; and 

ss (c) from greater than 0 to about 20 weight percent more preferably from about .1 to about 15 weight 
percent and most preferably from about 5 to about 10 weight percent based on total weight of the 
composition, of a styrene-etnylenabutytehe-styrene rubber. 
Optionally the compositions of this Invention may contain additional additives. 

•*o Monovinyl Aromatic-Conjugated Diene Block Copolymers 

The monovinyl aromatic-conjugated diene block copolymers useful in this invention include, but are not 
limited to. such block copolymers as the types AB. ABA. tapered AB end ABA and radial (star block) 
copolymers, where A represents a polymerized monovinyl aromatic compound, usually styrene. and B 

45 represents a polymerized conjugated dienei usually 1 ^-butadiene. Sufficient block monovinyl aromatic 
compound must be present to Insure compatibility with the styrene resin (at least about 20 weight percent 
and more preferably at least 50 weight percent of. the block copolymer). The . rubbery block could be 
polybutadiene. a random or tapered styrene-butadiene copolymer or potyisoprene or random or tapered 
6tyrene-i6opreno copolymer. Presently preferred is butadiene and/or isoprene. 

so The polymodal styrene-butadiene block copolymers having a Shore D hardness as measured by ASTM 
D 2240-86 of about 60 or higher, more preferably from about 64 to about 80, are presently preferred. These 
copolymers, having resinous properties, contain from about 50 to about 95 weight percent polymerized 
styrene, more , preferably from about 65 to about 85 weight percent and most preferably from about 70 to 
80 weight percent polymerised styrene. based on total weight of the copolymer. They are prepared so that 

65 at least a portion of the final product is of a coupled character, linear or branched or both linear and 
branched. These polymodal block copolymers can be prepared by sequential charge copolymerization such 
as, for example, that described in U.S. Patent 4,584.346, which Is hereby incorporated herein by reference. 
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Propylene 

Any of the normally solid substantially crystalline polymers of propylene (polypropylene) can be 
employed In this invention. The term "polypropylene Is Intended to Include normally solid polypropylene 
homopolymers which are substantially crystalline, isotactic. or syndiotactic in form, and copolymers of 
propylene having a comonomer content of copolymerized ethylene, bulene. or other 1-otefin («-olefin) up to 
as much as about 5 mole percent 

Presently preferred are the normally solid substantially crystaline pofypropylenes having a nominal melt 
flow in the range of about 05 to about 50 g/10 min.. preferably about 1 to about 25 g/10 min.. and presently 
more preferably about 1 to about 8 g/10 min, as determined by ASTM D 1238-88 Condition 23072.16. 

The polypropylenes employed can be utilized in any convenient form such as pellets from a finishing 
extruder, as a fluff as obtained from a polymerization recovery step, or as a powder. 

Examples of commercially available polypropylenes which can be used in this invention include, but are 
not fimited to. the Marlex© polypropylenes having flow rates ranging from 1 to 8 g/10 min.. including 
homopolymers and copolymers, available from Phillips Petroleum Company. 

Commercially available polypropylenes normally have stabilizers and antioxidants added to minimize 
molecular weight change during melt processing. 

A sufficient amount of polypropylene to achieve the desired properties in articles made from the 
invention blends should be used. Use of too little polypropylene would result in loss of the desired 
marblescent appearance and economic advantage. 

Use of polypropylene or a polypropylene copolymer which has been grafted is presently preferred in' 
the blends of monovinyl aromatic-conjugated diene block copolymer and polypropylene when clarity and 
transparency are desired. Grafted polypropylene can also be used in ternary blends of monovinyl aromatic- 
conjugated diene block copolymer, polypropylene and sryrene-ethytena'butvlene-styrene rubber to obtain 
improvement in properties such as Izod impact 

The presently preferred grafting compound is a carboxylic acid or an anhydride thereof, with about 
three to about 10 carbon atoms, with preferably at least one olefin ic unsaturarjon. and derivatives thereof. 
Examples of the carboxylic add and anhydride include, but are not limited to. an unsaturated monocarbox- 
ylic add such as acrylic add or methacrylic add; an unsaturated dtearboxyiic add such as mateic acid, 
fumaric add. Itaconic acid, dtraconfc acid, allyl sucdnic add. muconic add (mesaconic acid), glutaconic 
acid. norbomene-2^-dicarboxy6c add (tradename Nadic add), methyl Nadic add. tetfahydrophthalic acid, 
or methyihexahydrophthalic add; an unsaturated dtoarboxylic anhydride such as maleic anhydride. Kaconic 
anhydride, cftraconlc anhydride, allyl succinic anhydride, glutaconic anhydride. norbornene-2.3-dicarboxylic 
anhydride (also known by the tradename Nadic anhydride), methyl Nadic anhydride, tetrahydrophthalic 
anhydride, or methytletrahydrophthalic anhydride; or a mixture of two or more thereof. Of these unsaturated 
carboxylic acids and acid anhydrides thereof, maleic add. maleic anhydride, muconic acid. Nadic acid, 
methyl Nadic add, methyl Nadic anhydride, or Nadic anhydride is preferably used 

The radically polymerizable unsaturated grafting compound Is present In the reaction mixture in an 
amount sufficient to improve the properties of the resultant grafted polymer. Usually, the amount is in the 
range of about 0.1 to about 2 parts of radically polymerizable unsaturated grafting compound per 100 parts 
of polymer (phr). preferably in the range of about 0.2 to about 1.6 phr. and most preferabiy^Ttrte^anse of 
about 0.4 to about 12 phr. tf too much grafting compound is used, not all of the grafting compound will be 
grafted onto the polymer and no additional appreciable polymer property improvement is obtained: an 
excess is economically undesirable. Use of too ittle grafting compound does not improve or enhance the 
polymer properties. In general, the grafting compounds. used in this invention have similar amounts of 
functionality. 

The grafting reaction must occur in the presence of a free radical generator, also called a free radical 
initiator. An organic peroxide is preferably used as the free radical initiator in the graft mocfificafion reaction 
as described above. More specifically, preferred examples of an organic peroxide indude, but are not 
limited to,, alkyl peroxides, aryl peroxides, acy I peroxides, aroyl peroxides, ketone peroxides, peroxycar- 
bonates, peroxycarboxylates, hydroperoxides, and other organic peroxides. Examples of an alkyi peroxide 
indude diisopropyl peroxide; di-tert-butyt peroxide; 2^imethyM,5-di^rt-butylrjeroxy)hexyne-3; a/i'-bis- 
(tert-butylperoxy)diisopropyl benzene; and 2 i 5-dimethyh25<li-(tert-outylperoxy)hexane. An example of an 
aryl peroxide is dicumyl peroxide. An example of an acyl peroxide is dilauroyl peroxide. An example of an 
aroyl peroxide is dibenzoyl peroxide. Examples of a ketone peroxide indude methyl ethyl ketone peroxide 
and cyclohexanone peroxide. Examples of hydroperoxide indude tert-butyl hydroperoxide and cumene 
hydroperoxide. Preferred examples of a free radical initiator are di-tert-butyl peroxide; 2.5-dimethyi-2,5-di- 
(tert-butylperoxy)hexyne-3; 2,5-dimethyl-2,5-di(tert-butylperoxy)hexane, dicumyl peroxide; ...a'-bisftert-butyl- 
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peroxykliisopropylbenzene; and mixtures thereof. Higher molecular weight organic peroxide compounds are 
preferred because they are safer and easier to handle and store, as well as being more stable at hfoher 
temperatures. w 

The organic peroxide Is present in the grafting reaction In an amount sufficient to effectuate a grafUnq 
8 reacbon - * e a™*"* is in the range of about 0.001 to about 5 parts of organic peroxide per 100 

parts polypropylene polymer (phr). preferably in the range of about 0.001 to about 1 phr and most 
preferably in the range of about 0.005 to about 0.4 phr. Too much organic peroxide can still' initiate the 
grafting reaction, but polymer degradation, such as vis-breaking of the polypropylene polymer, can occur A 
concentration of organic peroxide which is too low does nol initiate the grafting reaction 

" *" d0nS by any efteCtive means ' indudin fl ***** disclosed in U.S. Patent 4 003.874 

which is hereby incorporated herein by reference. ' 

The Grafting reaction must occur in the polymer melt Thus, the temperature of the reaction is in the 
range from about the polymer melting point to about the polymer decomposition temperature. Preferably 
fte reaction temperature is In the range from about 20 -C above the polymer melting point to about the 
J^T* " temperature <* P 0 '*™- Most preferably, the lower end of the temperature range is 
utilized to minimize any thermal degradation effects to the polymer. 

The carboxylated polypropylene may. if desired, be neutralized or partially neutralized. This is usually 
done with a metal ion. such as Na\ Zn ++ , or the like, to form an ionomer. 

The time required for the grafting reaction is a length sufficient for the grafting to occur. Usually the 
fcme is in the range of about 10 seconds to about 30 hours, preferably in the range of from about 15 
^-"^ ^ 3 J"*' M0St P"*"**- ma r «actjon time is in the range of from about 30 seconds* to 
aboirt.10 minutes. Shorter times, such as less than 5 minutes, arc preferred to minimize thermal 
degradation effects to the polymer. 

The grafting reaction can be carried out by either batch or continuous processes, provided that all 
components are well dispersed and well blended. A continuous process is preferred for ease of operation 
One example of a continuous process fe to add the polymerfs). stabilizes), grafting compound's), and free 
radical generator^) to an extruder. The order of addition of the components is not crftteaTftr example all 
components can be dry mixed and then extruded. If preferred, the reactants can be added sequentially 
wherein, for example, the grafting reaction occurs first, and additional stabilizers) is added downstream 
30 from the extruder. 

Pregrafted ^propylenes which may be used in the blends of this invention are commercially 
available. One such carboxylated polypropyfene is produced by Himont U.SA.Inc., of Wilmington 
Delaware, and marketed under the trade designation of Pro-fax PC-072 Polypropylene Another carbox- 
ylated polypropylene is produced by E. I. DuPont de Nemours and Company of Wilmington. Delaware 

ss under the trade designation of RJSABOND3 P. These products are believed to be graft polymers of 
^propylene and maleic anhydride. The amount of maleic anhydride funcUonafity is believed to be less 
u a l^L Y W6 ' 9ht An ° ther polypropylene is produced by BP Performance Polymers. Inc. of 

Hackettstown. New Jersey, and marketed under the trade designation of Poly bond®. These products are 
believed to be graft polymers of polypropylene and acrylic acid. The amount of acrylic acid functionality is 

40 believed to be about 6% by weight. luncuonaiiry is 

Styren&<emylene-butyten» l Styrene Rubber * tl ** r $ 

The styrene<%lene*utylefie^ryrene rubbers useful in this invention are styrenic thermoplastic 
<s elastomers "^stable, completefy saturated ethyfene-butylene mid-segmerrts. The styrone- 
ethyleneAutylene-sryrene rubbers are linear Wbkx* copolymers or mixtures of linear diblock and tnblock 
c^lymers The styrene^thyfene/butylene^yrene rubbers useful in this invention generally have 
styrene/rubber ratios ranging from about 10/90 to about35/65. 

Styrene^rhylenevbutylene^tyrene rubbers in the form of powder, crumbs or pellets may be used. 

Additives 

The blends of this composition may contain certain other additives to plastjcize, improve processability 
uon. Such additives are well known in the art and may be incorporated without departing from the scopTof 
con^en^r "^ ^ *>■*• and/or its form, and/or its 



50 



£5 



5 



EP 0 563 956 A2 



TO 



75 



20 



26 



30 



as 



40 



45 



BJend Compositions 



The blend compositions of this invention are summarized in the following Table 1 . 






TABLE 


1 




Ranges of Amounts 


of Coaponents 


Present in Invention Blends 




Conponent 


Broad 
Range 


Intermediate 
Range 


Narrow 
Range* 


Enbodinent I 








■onovlnyl aromatic- 
conjugated diene 
block copalyaer 


50-90 


60-85 


65-85 


grafted polypropylene 


10-50 


15-40 


15-35 


b 

other additives 


>0-20 






Enbodinent II 








moaovinyl aronatic- 
conjugated diene 
block copolymer 


S-98 


20-9S 


65-90 


polypropylene 


2-95 


5-80 


10-35 


styreae/ethylene- 
butylene/styrene 


>0-20 


1-15 


5-10 


other additives* 5 


>0-20. 






Enbodinent III 








aonovinyl aroaatic- 
conjugated diene 
block copolymer 


5-98 


20-95 


65-90 


grafted polypropylene 


2-95 


5-80 


10-35 


styrehe/ ethy lene- 
bu Ly lene/a ty rene 


>0-20 


1-15 


5-10 


othe r add it Ives** 


>r>20 







Anounts are weight percents based on total weight of the polyaers. 



Optional - ingredients . 



50 The relative amounts of the i three polymer components will vaiy according to the relative priority given 
objectives such as economic advantage, prpoassability and performance. 



Preparation 



66 The blends of this invention can be prepared by any suitable means. Including blending and tumbling. 
Examples of these methods include, but, are not limited to, dry mixing in the form of a powder, wet mixing 
in the form i of a solution or slurry, and melt extrusion compounding. 
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40 



45 



' 59 ^ d Moa "9 ' s «**nued until an essentially uniform blend feobtained about 450 F would 

aro^fc^j^od .ta. ^.^TSSS^jT*^^ " *"* """""" ny ' 

not JSSS* 18 ^* *e invention and shouK be taken as illustrative and ..' 



ts 
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.so- EXAMPLES 
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In the following examples, the resinous rtyrene-Butadiene cooolvmer ta Km nr^« ir o . 
a product of Phillips Petroleum Company, This copota coTS ^ 9 !? 9 K - Refi,n ® P 0 '^- 
about 25 weight percent butadiene KRM ■dlSiSJST ^ 75 » >orcent st V rene and 
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10 



nominal flow rate of 2 g/10 min. This copolymer is designated PP-1 in the examples Each of these 
polypropylene polymers was received as fluff (powder) and was stabilized before further processing with 

J? T JXS* I 0 ' 0 M * % U,tran <** 626 (GE Chemicals). 0.05 wt % SH^mE! 

* Co.). and 0.075 wt % sodium benzoate. 

.^^i^if^ 0 ^ 6 " 6 Wefe 8)30 ln *• examples. Grafting agents used were 

Z5£ ^SL^ and ^ (AA) Th9 flrafted ^Propyienes used in theTlmples Te 
descnbed .n Table 2 bek>w w,th the designations used in the examples. All samples were in pellet form 
The expenmental. grafted polypropylene was prepared by mixing PP-1 with 1 wt % maleic anhydride and 
0.1 wL% peroxide (Vul-Cup® R. Hercules. Inc.). and extruding the mixture. 

Table 2 



75 



20 



26 



30 



Grafted Polypropylene^ Used in the Examples 


Polypropylene 


Grafting Agent (wt %) 


Designation 


PC-072" 

PB-1011 b - e 

PB-1003^ 

Experimental 

HercoprimeG" 


maleic anhydride (<2) 
acrylic add (6) 
acrylic add (6) 
; maleic anhydride (1 ) 
maleic anhydride 


PP-g-1 
PP-9-2 

PP-g-3 
PP-g^J 
PP-O-5 



--1 

b Block copolymer. 

c Polybond®, BP Performance Polymers. 
d Homopolymer. 
•Hercules, Inc. 

These grafted polypropylenes are somewhat hygroscopic and must be kept dry. If they become moist 
they can be dned by heating in an oven for a few-hours at about 10S*C 

Severalstyr^thyler^utyler^styrene (SEBS) block copolymers from Shall Chemical were used in 
the examples. These are described below with designations used in the examples. All chemicals were in 
pellet form. >■■ 
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Table 3 


Styrene-( 


sthylene/butylene-styrene Rubbers Used in the Examples 


Kraton® Designation 


Styrene/ Rubber Ratio 


Diblock/ Triblock Ratio 


Designation 


G1652 
G1657X 
G1726X 
FG1901X* 


29/71 
13/87 
30/70 
28/72 


01 00 
35/65 
70/30 


SEBS-1 

SEBS-3 
SEBS-4 



60 



Unless otherwise stated, all blends in the examples were dry mixed and then melt extruded on a 
Werner * Poorer HMO twin-screw extruder using an open vent and a 210'C tmJESZZZ! 
No^on molding was done on oithor Now Britain or Arburg Injection mo>dcrs using barrel t «5S of 
^0-C and mold temperatures of 3S-C. A test specimen mold was used to provide samptes for the 
.physical tesung. Comparative tests showed that similar test results were obtained on. both injection mSdng 

The following test methods were used in the examplesi 
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Table 4 
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Test Procedures Used "1 


Property 


ASTM Method 


Row rate, g/IOmin 
Condition 200/5.0 for SB 
Condition 230/2.16 for PP 


D 1238-88 


Tensile strength at break, MPa 

Elongation, % 

Flexure! modulus, MPa 

Izod impact strength, notched. J/m 

Vicat softening point 'C 


D 638-89 at 50 mm/min 
D 638-89 at 50 mm/min 
D 790-86 
0 256-88 
D 1525-87 



20 



25 



30 



•vJLlT. h ^ ^ reS,nOUS Styrene ^ utariiene with polypropylene samples was 

^TH '° d8rT,0nStrat9 the eftacl 01 various Polypropylenes on the kod impact values of the resinZ 
2T G ^l; ene ^ SB - Arar ^° f compositions from al. polypropylene^ ai.Te were p^Z? 
Four rhymers wift flow rales between 1 and 8 g'10 minutes and oT^ypropylene oo35T?K5 
were used. The Wends were extruded, injection molded, and tested 

An examination of the bod impact properties of the blends (Table 5} shows that there was some 
enhancement of the impact values at specific polypropylene levels in some cases. The copolymer PP-1 

EES ^ e ^2 m6nt * ** 31 25 **■ 10 "« % Propylene. However. Spropyle 
hc^pcJynws wrth flow rates between land 8^0 minutes caused Me change in the impact values. All 
SOPP blends were clearly incompatible by their pearlescert appearance and c^laminatkxTduring tensHe 
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Table 5 

Izod Impact of Polymer Blends Using 
Polypropylenes with Vary in g Melt Flows 







Ratio of Polymers in Blend 








10 


SB a , Wt t 


0 


10 


25 


50 


/ j 








PP b , Wt 1 


100 


90 


75 


50 


25 


10 


0 


75 




Izod Impact (notched), J/m 










PP Homopolyraer 


















1 g/10 min melt flow 


32 


75 


53 


8S 


117 


c 


16 


20 


2 g/10 min melt flow 


21 


75 


53 


75 


c 


27 


16 




S g/10 nin melt flow 


1° 


37 


32 


37 


523 


27 


16 




8 g/10 nin melt flow 


16 


27 


32 


21 


64 


27 


16 


26 


PP Copolymer 


















2 g/10 nin melt flow 


59 


107 


96 


53 


544 


544 


21 



so a KR03 K-Resin® block copolymer 

^Polypropylene listed below x 
Variable results 

as 



Example II 

This example describes the use of grafted polypropylenes to improve the impact properties of a 
40 resinous styrene-bytadiene copolymer. Two series of samples with varying ratios from all polypropylene to 
all SB were prepared from maleic anhydride grafted (PP-g-1) and acrylic add grafteoVPP^2g poly- 
propylenes. These blends were melt extruded, injection molded, and tested. 

The notched Izod impact test results (Table 6) showed that blends containing PP-g-1 had increased 
bod impact values (compared with the individual polymers) over the entire Wend range and had a sharply 
45 increased value at the 25 wt % level. Blends containing 25 and 50 wt % PP-g-2 had very large Izod impact 
values. These blends also exhibited increased tensile strength (at break) and eiohgation values. As 
determined by the lack of peariescence and delaminafon, the compatibility of the blends improved 
compared with blends made from non-grafted polypropylene. 

50 .... 
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Table 6 

Properties of Various Polymer Blend Ratios 



SB , wt I 
PP b , wt X 



0 
100 



PP-R-1 

Tensile strength, HPa 17 

Elongation, X 388 

Izod impact 

(notched), J/m 27 

PP-e-2 d 

Tensile strength, 

MPa 15 

Elongation, % 70 

Izod impact, 

(notched), J/m 165 



Blend Ratios 
10 25 
90 75 
Properties 



14 
198 

37 

15 
46 

101 



7.6 
346 

43 

16 
28 

107 



50 75 

50 25 

25 30 

287 327 

64 566 

15 25 

88 360 

571 646 



90 100 
10 0 



28 
296 

32 

25 
271 

32 



24 
236 

16 

23 
243 

21 



KE03 K-Resin block copolymer. 

b 

Specific grafted polypropylene listed below as PP-g-1 or PP-g-2. 

c PC-072 polypropylene grafted with maleic anhydride available from 
Hiraont U.S.A. , Tnc. 

d s> 

Polybond 1011 block copolymer grafted with acrylic acid 



available from BP Performance Polymers. 



Example III 



so 



The effect of several styrene-ethytene/txrtylene-styreoe (SEBS) rubbers on the physical properties of a 
Wend of a resinous styrene-butadiene copolymer and a polypropylene b demonstrated in this example. A 
series of 50/5Q wt ratio blends of SB and PP-1 with an additional 10 wt % of a SEBS were prepared. 
Sample 1 is a comparative sample made without any added SEBS. The Wends were extruded, injection 
molded, and tostod. 

Table 7 shows the composition and physical properties of the blends. Invention blends 2 through 5 had 
sharply increased impact values compared with comparative sample 1. Blends 2 through 5 remained 
pearlescent, Indicating that the SEBS rubbers did not change the compatibiSty of the blends significantly. 
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Table 7 

Effect of Various Stvrene-EthYlene/Butylane-Stvrene 
s Rubbers In Polymer Blends 





Sample Number* 


1 


2 


3 


4 


5 


70 


Rubber Used 














SEBS-1, wt X b 


0 


10 


0 


0 


0 


15 


K 

SEBS-2, wt Z 


0 


0 


10 


0 


0 




cpBe i . — b 
5EBS-3, Wt Z 


0 


0 


0 


10 


0 




SEBS-4, wt X h 


0 


0 


0 


0 


10 


SO 


Properties 














Izod inpact 
(notched) , J/n 


101 


913 


742 


689 


779 


26 


Tensile Strength, HPa 


37 


34 


37 


16 


40 




Elongation, Z 


$83 


857 


564 


471 


602 


30 


*Bas.e resin is 50/50 


by weight 


vixture 


of SB 


(KR03 K-Resin® 





polyncr) and PP-1 (polypropylene^copolyaer). 

^Wt Z based on total base resin weight. 
SEBS-1 = Kraton G1652 
SEBS-2 = Kraton® G1657X 
SEBS-3 = Kraton® G1726X 
40 SEBS-4 = Kraton® PG1901X . 

Example IV 

45 " ; ' • .": 

This , example demonstrates the Improvement of the bod impact properties of a blend of a resinous 
styrerte-butadiene copolymer with a polyprbpylene that is grafted in-«tu and a SEBS rubber. Each blend 
was a 5050 by weight mixture of SB and PP-1. Runs 6 through 9 also contained 10 tvt % of a SEBS rubber 
along with the maloic anhydride (MAH) and a peroxido (Vul-Cup® R) for tho bvsitu grafting. Comparative 
so run 10 did not include the SEBS rubber. 

The SEBS rubbers increased the bod impact of the blend (Table 8). In runs 8 and 8< the blends also 
had higher tensile break values. AS blends were compatible with a lack of pearlescence and delamination. 
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Table 8 



Effect of Various Styrene-Ethylene/Butylene-Styrene Rubbers 
in 50/50 Styrene-Butadiene Copolymer/Grafted Polypropylene Blends 8 



Sample Number* 


6 


7 


8 


9 


10 


Rubbers and Grafting Agents 










SEBS-l b , wtt 


10 


0 


0 


0 


0 


SEBS-2 b , wtZ 


0 


10 


0 


0 


0 


SEBS-3 b , wtZ 


0 


0 


10 


0 


0 


SEBS-4 b , wtZ 


0 


0 


o 


10 




Maleic anhydride, wt£ b 


1 


1 


1 


1 


> 

1 


Vul-Cup® R, wtX b 


0.1 


0.1 


0.1 


0.1 


0.1 


Properties 












Izod Impact 
(notched), J/m 


726 


795 


278 


753 


48 


Tensile Strength, MPa 


32 


25 


127 


119 


30 


Elongation, X 


561 


559 


293 


622 


461 



as a 

Propylene grafted in situ, 

a Base resin is 50/50 by weight mixture of SB (KR03 K-Resin® 
*o polymer) and PP-1 (polypropylene copolymer). 



b Wt Z based on total base resin weight. 
SEBS-1 = Kraton® G1652 
SEBS-2 -Kraton® G1657X 
SEBS-3 = Kraton® G1726X '</. 
SEBS-4 = Kraton® FG1901X 



Example V 

65 the influence of several SEBS rubbers on a 50/50 by weight mixture of a resinous styrene-butadiene 
copolymer (SB) and a maleic anhydride grafted polypropylene (Himont PC-072) is demonstrated by. this 
example. Sample n was a comparative example without the added SEBS rubber. Blends 12, 13, and 14 
contained 10 wt % of a SEBS rubber based on the weight of the base blend. 
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As shown in Table 9, the three SEBS rubbers (Kraton* G1657X, G1726X, FG1801X) in blends 12 13 
and 14 at the 10 wt % level with a grafted polypropylene produced increases in the bod impact "and 
elongation of the blends compared with the comparative blend 11. The Vicat softening point was decreased 
slightly by the addition of the SEBS: Compatibility of the base blend was unchanged by the added SEBS 
rubbers. 

Table 9 



10 




Polyner Blends 










Sample Number 


11 


12 


13 


14 


IS 


Rubbers Used 












SEBS- 2, wt I b 


0 


10 


0 


0 


so 


SEBS-3, wt X b 


0 


0 


10 


0 




SEBS- 4, wt % b 


0 


0 


o 


10 1 




Properties 










26 


Izod Impact 

(notched), J/m 


4fi 


582 


432 


582 




Elongation, X 


231 


357 


295 


654 


30 


Vicat Softening Point, °C 


109 


102 


99 


104 



as 



40 



Base resin is 50/50 by weight mixture of SB (KR03 K-Resin) and 
PP-g-1 (Himont PC-072). 



Wt % based on base resin weight. 
SEBS-2 = Kraton® G1657X 
SEBS-3 = Kraton® G1726X 
SEBS-4 = Kraton FG1901X 
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Example VI 

Several additional examples of the effect of SEBS rubbers on 50V50 by weight mixtures of a resinous 
styrene-butadiene copolymer and two. acrylic acid grafted pdypropylenes (PP-g-2, Pblybond* 1011 and 

Myt TJ^ are Panted in this example. Blends 15 and 18 are comparative blends, 
containing no added SEBS rubber. 

The testing results (Table 10) showed that blends 16 and 17 with PP-g-2 exhibited an increase in Izod 
impact with the added SEBS rubbers compared with Wend 15 without the SEBS. Blends 19 and 20 with PP- 
g-3 had large Increases in the Izod impact values over the comparative run 18 without a SEBS additive The 
added SEBS reduced the flexural modulus of the blends, while the tensile strengths were mixed (some 
increased and some decreased). 
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Table 10 



Polymer Blends 



70 



20 



26 



30 



3S 



40 



Sample Nunber 


15 


16 


17 


IS 


19 


20 


Components 














SB a , wt X 


SO 


50 


50 


so 


50 


50 


PP-g-2 b . wt I 


50 


50 


50 


0 


0 


0 


PP-g-3°, wt X 


0 


0 


0 


50 


50 


50 


SEBS-2, wt X d 


0 


10 


0 


0 


10 


0 


SEBS-3, wt X d 


0 


0 


10 


0 


0 


10 


Properties 














Izod impact 
(notched), J/m 


603 


710 


705 


53 


635 


560 


Tensile Strength, MPa 


15 


19 


13 


24 


33 


15 


Elongation, % 


78 


421 


74 


304 


602 


366 


Flexural Modulus, MPa 


900 


540 


640 


1380 


1010 


1100 



a KR03 K-Resin® block copo^y*er 
b Polybond® 1011 
c Polybond® 1003 

"Stt X based on total base resin (SB plus grafted PP). 
SEBS-2 = Kraton® G1657X 
SEBS-3 = Kraton® G1726X 



60 



Example VII 

This example demonstrates the effect of variations in the SEBS level on the impact strength of a .50/50 
by weight mixture of a resinous styrene-butadiene copolymer and ameletc anhydride grafted polypropylene 
(hfimont PC-072). Blends with SEE KM (Kraton® FG1801X) levels ranging from 0 "m sample 21 to 50 wt % in 
sample 24 based on the weight of the base resin mixture were prepared and tested. 

The testing results are shown in Table 1 1. Increased Izod impact values were noted at 10, 25 and 50 wt 
% SEBS-4. However, the flexural modulus decreased as the level of SEBS-4 increased. The tensile strength 
was little changed and the elongation increased with increasing SEBS-4 levels. 
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Table 11 



Polymer Blends 



26 



6 


Saaple Nunber 




21 


22 


23 


24 




Rubber 












10 


SEBS-4, wt S b 
Properties 




0 


10 


25 


50 


IS 


Izod Iapact 
(notched), J/m 




70 


672 


715 


672 




Tensile Strength, 


MPa 


29 


30 


43 


38 


20 


Elongation, 1 




289 


349 


661 


651 




Flexural Modulus, 


MPa 


1040 


850 


660 


468 




tt Base r«sin 


is 50/50 


mixture of SB 


4 

(KR03 K-Resin 


*) and 


PP-g-l 



(Hiniont PC-072). 



30 



^Wt X SEBS added based on base resin weight. 



« 



SEBS-4 = Kraton FG1901X 



as 



Example VIII 



A series of blends was prepared with a wide range of ratios of a resinous styrene-butadiene copolymer 
and a polypropylene with and without a SEBS rubber additive to demonstrate the dramatic effect of the 
SEBS on the blend Impact properties. A 2 g/10 mln flow rate polypropylene copolymer was used with 
copolymer SB. SEBS-1 (Kratorr® G16S2) was added at the 10 wt % level based on the weight of the base 
40 resin mixture. 

As described 'm Table \Z the presence of 10 wt % SEBS-1 provided a significant iaoreasejn;- Izod 
impact values over those of a corresponding sample without the SEBS-1 over the entire range of base resin 
ratios. The flexural modulus decreased with the addition of SEBS-1; 
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Table 12 
PolTaer Blends 



o ample Number 


25 


26 


27 


28 


29 


30 


31 


32 


Com rwn Art f - c 


















SB, wt X 


10 


10 


25 


25 


75 


75 


90 


90 


PP.* wt Z 


90 


90 


75 


75 


25 


25 


10 


10 


SEBS-1. wt X b 


0 


10 


0 


10 


0 


10 


0 


10 


Properties 


















Izod Impact 
(notched), J/n 


75 


566 


60 


544 


165 


646 


32 


560 


Tensile Strength, 
MPa 


25 


28 


23 


25 


28 


26 


27 


19 


Elongation, 2 


80 


129 


214 


297 


301 


288 


274 


184 


Flexur&l Modulus, 
MPa 


1010 


730 


940 


700 


960 


810 


1100 


980 



Stabilized 2 g/10 ain flow rate PP. 



Wt X based on weight of SB (FTR03 K-Resin®) and PP. 
REBS-1 = Kratot® G1652 



Example IX 

A series of blends similar to that described in Example VIII was prepared using a maleic anhydride 
40 grafted polypropylene with the resinous styrene-botadiene copolymer. The grafted polypropylene was 
prepared by mixing a stabilized polypropylene fluff with 1 wt % maleic anhydride and O.Uwt fc, VuJCup® R 
and extruding the mixture. The amounts of SB in the blends ranged from 10 wt % to 90 wtlTsEBS-1 
(Kraton® G1652) was added at the 10 wt % level based on the base polymer btend weight 
•Increases : in Izod Impact were noted {Table 13) in all samples with SEBS-1 compared with blends made 
45 without the SEBS-1. The largest increases in Izod impact were at 75 and 80 wt % SB. 
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Table 13 
Pglyggr Blends 





33 


34 


35 


36 


37 


38 


39 


40 


liUDI^JUllOll 


















SB, wt X 


10 


10 


25 


25 


75 


75 


90 


90 


PP, wt X* 


90 


90 


75 


75 


. 25 


25 


10 


10 


h 

SEBS-1, wt X 


0 


10 


0 


10 


0 


10 


0 


10 


Properties 


















Izod Impact 
(notched), J/n 


16 


37 


21 


69 


59 


614 


27 


550 


Tensile Strength, 
MPa 


16 


30 


23 


28 


24 


22 


25 


22 


Elongation, X 


588 


981 


27 


791 


400 


360 


222 


2.3 


Flexural Hodulus, 
MPa 


847 


723 


785 


661 


902 


758 


1080 


1000 



^Maleic anhydride grafted PP. 



b Wt X based on weight of SB (KR03 K-R«sin®) and PP. 
SEBS-1 = Kraton* G1652 



Example X 



This example demonstrates that not all added polymers result In an Increase in Izod impact for a blend 
of a resinous styrene-butadiene copolymer and a rnaleic anhydride grafted polypropylene. To a base resin 
45 of 50/50 wt % SB and PP-g-4 was added different levels of Monsanto Lustran SAN 31 styrene-acryfonHrile 
. (SAN) copolymer or PolystarNAS 20 styrene-rnetr^l metr^ry We (SMMA) copolyrner. 

No increase in Izod impact was observed (table 14) with 1, 5, or 20 wt % SAN or SMMA over values 
for the the base resin blend 41. 

60 
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Table 14 



Polymer Blends 


Sample Number* 


41 


42 


43 


44 


45 


46 


47 


SAN. wt %" 


0 


1 


6 


20 


0 


0 


0 


SMMA, wt % b 


0 


0 


0 


0 


1 


5 


20 


Izod Impact 
















(notched), J/m 


43 


32 


32 


21 


43 


43 


37 



'Base resin is 50/50 mixture of SB (KR03 K-Resin») and PP-g-4. 
"Wt % added polymer based on base resin. 
SAN = Lustran SAN 31 
SMMA = Polystar NAS 20 



Example XI 



so 



26 



Another series of blends was prepared to further demonstrate that other types of polymers are less 
effective than the invention polymers in improving the izod impact values of a blend of resinous styrerte- 
butadiene (SB) copolymer and a grafted polypropylene. The base resin was a 50/50 blend of SB and PP-g- 
4. The two added copolymers were Reseda GP-100 and Reseda GP-200 from Toagosei Chemicals. QP-100 
is an acidified polyacrylate^polymethyl methacrylate copolymer with a melting point of 160-1 70 *C and a 
flow rate of 3 g/10 min at Condition 200/2.16. GP-200 is a pdystyrene/polymethyl methacrylate copolymer 
with a melting point of 120-130 *C and a flow rale of 4 g/10 min at Condition 20072.16. 

The Izod impact results in Table 15 showed that at levels of 1. 5. and 20 wt %, neither GP-100 or GP- 
200 increased the impact values compared with the comparative blend 41 in Example X and Table 14. 



30. 



Table 15 



35 



40 



polymer Blends 



Sample Number" 


48 


49 


50 


51 


52 


53 


GP-l00 b wt % 


1 


5 


20 


0 


0 


0 


GP-200 C " wt % 


0 


0 


0 


1 


5 


20 


Izod Impact (notched), J/m 


37 


37 


32 


37 


32 


32 



"Base resin is 50/50 blend of SB (KR03 K-Resin«) and PP-g-4. Added 
polymers GP-100, GP-200 are wt% based on weight of base resin. . 
"Reseda GP-100. 
Reseda GP-200. 



45 Example XII 



This example demonstrates that SEBS provides only modest improvements in the Izod impact 
properties of blends of a resinous styrene-butadiene copolymer (SB) with a grafted polypropylene polymer 
that have a blend melt viscosity significantly lower than the melt viscosity of the SB copolymer. Base resin 
so 54 is a 50/50 by weight blend of SB and PP-g-5 (Hercoprime G), Three SEBS rubbers were added at the 10 
wt % level based on the. base resin weigfit 

As shown in Table 16, the three added SEBS rubbers, blends 55, 56. and 57 produced only modest 
increases in the Izod impact values compared with blend 54. A viscosity scan of the base resin blend by a 
capillary rheometer showed that the viscosity oyer a wide range of frequencies was much lower than that of 
65 the styrene-butadiene copolymer or other blends of SB and grafted polypropyleries. 
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Table 16 



Polymer 


Blends 






Sample Number* 


54 


55 


SB 


57 


SEBS-2, wt % b 
SEBS-3, wt %" 
SEBS-4. wt %" 
Izod Impact (notched), j/m 


0 
0 
0 

11 


10 
0 
0 

63 


0 
10 

0 
21 


0 
0 
10 
48 



' "agni mi 

PP-9-5 (Hercoprimefl G). 
"Wt % based on weight base resin. 
SEBS-2 = Kraton G1657X 
SEBS-3 = Kraton G1726X 
SEBS-4 = Kraton FG1801X 
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Example XIII 

^^TSt"^ " «— • - a resits styreJ 

peroxide or with an excess (OS^^l^Z £L by n "** ! wrthout a 

Blend 58 is a control resin with no Jm^^'J^l^V 5 * 50/50 «*» °* SB and PP-1. 
(Wend 59) or only the peroxide XoTrT^T *° ^ * ™* ^<*= anhydride 
polypropylene with either ^^J^J^.r^ 8 «"*»■»"'»* of the 

of the peroxide (blend 63). a * md 605 a mMure <* anhydride and 0.5 wt % 

excet o^o^r^^^^ pan "* ,a » anhydride with an 

Parting was not successful in SSZ?^ ^ * elMB resin « **"P<2 

(Wend 60) or too much peroxide (blend S). ^ M ' mpaCt due *> ««er no peroxide 



as 



40 



45 



Table 17 



so 



Sample Number* 

Maleic anhydride, wt % b 
Vui-Cup®, wt % b 
Pregraft 

bod Impact (notched), J/m 



, — - >5> « auisu oiena of SB ( 
Vt % based on base resin weight 



Polymer Blends 



58 


59 


60 


61 


62 


0 


1 


1 


0 


1 


0 


0 


0 


0.5 


0.5 


No 


No 


Yes 


No 


No 


128 


133 


139 


43 


27 



63 



1 

0.5 
Y©s 
80 



•*C» i 



--Jfr 2 *" ^ *~ described in 

construed as limited thereby. This paLnsSdS ScTJ S™* 8 ** ^ ^ to be 

and scope thereof. ' to : W * ^ 

Claims 
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1. A composition comprising: 

• (a) a monovinyl aromatic-conjugated diene block- rn™,^ ^ 
block copolymer; and - K copolymer, preferably a resinous styrene-butadiene 

(b) grafted polypropylene. 
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2. A composition as recited in claim 1, wherein said grafted polypropylene Is a polypropylene which has 
been grafted with a grafting agent selected from the group of carboxyfic acids, carbdxylic acid 
anhydrides, carboxylic anhydrides and derivatives and mixtures thereof, in particular wherein said 
grafted polypropylene Is a copolymer of polypropylene and ethylene, more particularly wherein said 
grafted polypropylene is present in an amount sufficient to improve the impact strength of said 
monovinyl aromatic-conjugated diene block copolymer. 

a A composition as recited in claim 1 or 2, wherein components (a) and (b) are present in an amount in 
one of the following sets of ranges, based on total weight of said composition: 



Component 


Broad Range (wt %) 


Preferred Range (wt %) 


Most Preferred Range (wt %) 


a 


50-90 


60-85 


65-85 


b. 


10-50 


15-40 


15-35 



4. A composition as recited in claim 1 or 2, further comprising 

(c) a styrene-ethylene/butylene-styrerte rubber, in particular wherein said styrene-ethylene/butylene- 
styrene rubber is present in an amount sufficient to improve the impact strength of said monovinyl 
aromatic-conjugated diene block polymer. > 



6. A composition as recited in claim 4. wherein components (a), (b) and (c) are present in an amount in 
one of the following sets of ranges, based on total weight of said monovinyl aromatic-conjugated diene 
block copolymer and said grafted polypropylene (a plus b as 100 weight %): 



Component 


Broad Range (wt %) 


Preferred Range (wt %) 


Most Preferred Range (wt %) 


a 


5-98 


20-95 


65 - 90 


b 


2-85 


5-80 


10-35 


c 


>0-20 


\ 1-15 


5-10 



6. A composition comprising: 

(a) a monovinyl aromatic-conjugated diene block copolymer, preferably a resinous styrene-butadiene 
block copolymer; 

(b) polypropylene; and 

(c) styrene-ethylene/butylene-styrene rubber. 

7. A composition as recited in claim 6. wherein said styrene-ethyleneybutylene-styrene^rutSar"*^ present 
in en amount sufficient to improve the Impact the strength of said monovinyl aromatic-conjugated diene 
block copolymer. 

8. A ojmposrtion as recited in claim 6 or 7 wherein components (a), (b) and (c) are present in an amount 
in one of the following ranges, based on the. total weight of said monovinyl aromatic-conjugated diene 
block copolymer and said polypropylene (a plus b as 1 00 weight %): 



Component 


Broad Range (wt %) 


Preferred Range (wt %) 


Most Preferred Range (wt %) 


a . 


5-98 


20-95 


65-90 


b 


2-95 


5-80 


.10-35 


• . ' c 


>0-20 


1-15 


5-10 



9. Articles made from the composition of one of the preceding claims. 
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